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A B S T R A C T
In orde rto e valu ate･ the urban e nviron ment, the v egetatio ninfor m ationis v eryI mporta nt. Ths
info r mation should be con structed as the sxpre ssio n ofre alv egetation, nota sthatofsc ale or usage,
a nd als oupdatedto acc o m m odatethe cha nge ofv egetation･ T he v egetatio n c ov e r r atioin apIX el
u singthe r e m ote s ensingdata sim ulatedbyairbo m eM S data with highre s olution ☆as e x amined.
ln th is ex amin atio n a c o rre ctvegetation c overageis n e ededto e stablishas su mption algorithm of
v egeta tion c o ve r r atioin api又el･ This m ap w as c otlStru Cted byairbo m e M S S data of highres olution
a nd aifbo r n ephotograph, w hich is verifiedbyfield in ve stigatio n. The r e m otese nsingdata of low
re s olution w a s sim ulated byhighr e s olution airbo r n edata･ The v egetatio n c o v er ratioin apl X elis
defin edasthe ratio ofc orrectvegetatio nin o n epl X elofsim ulated data･ On the view point of mi又el,
血erelationshipbet w e e nthev egetation co v er r atioin apix ela nd the m e an N Ⅵ(J) Orm alizedv egetatio n
index)w a sin vestigated･ Thisin v e stigatio n w a s s e en that the relationshipbetw e en the v egetation
c o v er r atiopin apixelandthe m ean N VIw aslin ear･ On thebasis of th is relatio nship, the v egetatio n
c overratioin apix elca nbe a stlm edbyN VIofre mote sen singdata.
1. IN T R O D U C TIO N
The･vegetatio n c over ageinfor m ationis
e s senti alto e valu atethe urban enviro n m ent. The
tr aditio n al stocks of vegetatio n c o ver age
infor m ation is subje cted to the s cale of
v egetatio n orthe u se ofthat. T hereisfew re sult
e xpr es s ed 也e re alvegetatio ndistributio n. So,
itis n e c e s s aryto e stablishthe c o n str nctio n
m ethod ofr e alv egetation c over m ap andto
update methodofthevegetatio n cha nge･ Onthe
ba sis of the abo v ereqLleSt,the c o n str u ction of
vegetatio n c over m apusingrem ote S e n singdata
is expe cted be c a usethe s atellite rem ote se nslng
data is u sually obtained large ar ea and
periodic ally.
Whe nu rba nv egetationis s ubjected itis
diffic ult to e xtr a ctthe u rban vegetation, be c ause
the sc ale ofsom e v egetationis sm allertha nthe
r es olution of re m ote se nsing data. T he
v egetation c o v e r ratioin api x el isintrodu ced
a s aninde xfor e xtra ctio na nd expr e s sion the
urba nvegetatio n. Vegetation c o v er ratioin a
pixelisdefin eda sa ratio ofv egetatio nqua ntity
ofo n epix el. Then the r elatio n shipbetwe e nthe
vegetation c ov e r ratioin apix el a nd its m e an
N VI(norm aliz edvegetatio nin dex)is e x amined･
Thepu rpo s eofthis studyisto sho w the
relatio n shipbetw eenthe v egetatio n cover r atio
in aplX ela1一d its m e a nN VIandto 5 uggeSt 加
estim ation method ofv egetation c o v er r atioin
aplXelusingN VI.
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2. A N A L Y SIS M E T H O D
N Ⅵexpre ss ed 也e activityofvegetation
isintroduced for a ne stim atio n of vegetation
c o ver ratioin apix el. Fir st, c orre ctvegetatio n
c ove raBedefinedastrainingdatais c onstru cted
byusinghighres olution airbo m eM S S data･ air
photogr apha nd field inve stigatio n, S
inc ethe
sateuite r em ote s ensing data is u s efulto
v egetation cover m ap･ the r e m ote se n slngdata
wi血lo w r e s olutio n w a s sim ulated byu sing也e
airbo r ne M S S data witll bigb r esolutio n･
vegetatio nc ov er r atioin aplXel isdefin ed the
qu antityofv egetationin sim ulated data･ Thus
itisinve stigatedtllerelatio nshipbetw ee nN V I
ofsim ulated data and vegetatio n c o v er ratioin
apIXel･
2.1ST U D Y SITE A N D D A TA U S E D
so m eare asin Ka wa s akiwere s electeda s
the studysite･ The characteristics ofthis site a re
(1)The s cale ofagroupofv egetationis variou s.
(2)There are c o mplex distributio ntype s s uch
a spoint,lin e, a r e a a nd s oo n･
(3)The vegetation c ategorie s ar e vqrious s u ch
astre e
, gr a s s,law no r mixtu r e oftho s e･
Itis s el cted fordata observed in s um m er
to e xtr a ctthe v egetatio nbec a u s ethe a ctivityof
v egetatio nin s u m m e rishigherthan thatofa ny
odler S e a s o n.(Table1). T he c ente r512 c olu mn s
w er e s ele cted in all 802colu mns obs erved. m is
m e a n sthat the s electedpix els ha ve alm o st
hom oge n e o u s re solutio n and have n olo w
quality plXelsdueto the sidelookirlgeffe ct･
trainiTlgdata c o n structed･ These mix els are
dis cus s ed inthefollowingpa rtofthispaper･
2 3 SI M ULJITE D R E M O TE S E N SIN GD A TA
Itis n ec es s aryfor OT F(optic altra n sfer
fu n ctio n)of the re m ote s e n s o rto c o n structthe
r e m ote se n singdata withdiffer entr e s olutio n･
Curre nt te ch miqueis, how e v e r, n otestablished
the O T Fe xtr actio nfrom rem ote sensingdata.
So the O TFeffectislgnOr ed in th ispaper･
Tbe sim ulated data widln tim e s re s olutio rL
oforigl nal data w ere c o n stru cted bythe m e a n
of nxnpIX els on o rlg n al data･ Theim age of
v egetation c ove rratioin apix el(Plate4)is
c alc ulated byabo v edefinition 1
2.4 S T U D Y O F US E D NVI
3 N VIsgiv e nbelo w arein v e stigatedto
s ele ct thebe stN VIfor assu mption ofthe
vegetation co v er r atioin apl Xel･
Table1 Su m m ery of Airbo m eM SS Data
O bs e rvatio nDate ､ 1 9 87.8.9
Study Site Ka w a s aki,Japa n
C han n el No W a v eLe ngth(”, m)
chO 3 0.45 - 0.4 9
chO 5 0,4 9 -0.53
chO7 0.60 1 0.65
ch1 3 0.9 2 - 1 .00
ch1 6 2.06 1 2.4 5
ch17 8.00 - 1 2.0
2.2 T7u IN N GD A TA B UIL T- UP
Tobuilduptrainingdata, pu re vegetation
pIXelshavebe e n extracted u sing airbo m e M SS
data as show nin Fig･1, T his m e a n sthat the
traini ng data exclude the bo u nda ry plXels
betw e en vegetation a nd n ob
-v egetatio n･ T he
extra cted vegetatio nis clas sified intothre e
subcatego rie s s uchastr e e,grass,la wn. Ho w e ver
ther e a re m a ny mixels of v egeta tio n and n orL
-
v egetation in the bo u ndary oftho se in the
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⊂⊃ RealVegetatio m ■ Training Data
Fig･1 Co n stm ction Methodof Trail血gData
ch13/chO7
(ch13- cbO7)/(cb 13＋ cbO7)
ch13/∑chi(i=03,05,07,13,16)
Togive a c oher eTIC e e ach N Ⅵ
I.
m e an ±standa rd
de viatio n
Tl
ofeidlerN VI istransfo r m edfro m0
to25, the relativ evalue. Fig.2 is a n example 妄
distributio n ofNVI(3) vitb la nd c ov e r and
statistical value s ofall NV Is w ere sho w nin
Table2.
Beca useitisdesirableforthe v ariation of
non - vegetatio ntobesm alla nd forthediffe retlC e
of vegetatio nand n o n- v egetatio nto belarge,
N V I(3)w a s selected. Whatis evider[t&o mFig12
isthatla w n a m o ng 也e v egetatio n a nd w ater
a mong the n o n- vegetation are different
distri bution fro mthe other v egetation or TIOn -
vegetatio rl･ SoLaw n and w ate r aredealt with
partic ular c ategorie s and e x cluded fro m
followingdisc u sio n.
3. NVIA ND Ⅵ 即 O N C Om R AJ70
IN A PtX E L D m F R O M W IN G D A T A
Figu re3sho ws an e x a mple ofdle r elation
betw e e n v egetatio n c o v err atioin apl X ela nd its
m ean N V I in sim ulated data. The relatio n
betw e ellthe m e a nN V Iof mix els a ndthe
vegetatio n c o v er r atioin apix el ofthos eis
alm ostlin e ar･ Bt)I the r elatio nim perfe ct
vegetatio n, perfe ct n o b- v egetation or their
vicinityis n o nliElear.
In o rde rto me a s u rethe no rl inea rwith
variousresblttio n
,
a c c um ulated Betadistri butio n
is introdu ced a sEq･(4)･ T he relatio n s.
hip
betw e e nthe v egetatio n c over r atioin apix ela nd
its m e a nN Ⅵ is r egr e ss ed u singEq･(4)a nd die
regre ssio n ctlr V e S ar e Show n solid lin einFig3.
Co efficie ntsq andr ofEq.(4)withre s olutio n
variatio n a re sho wnin Fig･4･ The co effic entq
a ndr atlo w re solutiollgraduallyappro a chesto
1. This m ea nsthatve rylo wre solution data m ay
belin e ar. Co effic e nts,q a nd r, ho we v e r, a re
noteqLlalto1 in thise x a min ation ･ The c aus e of
TIOnl ine a r m aybe mix el effe ct,le a v ederlSity
effect, andso on .
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Fig3 Vegetatio nCoverRatioin a Pix ela nd
its M ea nN VI in Sim ulated data
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4. NVI AND W FEA TLO N ( Ⅹ)V E R R A T(0
IN A P【ⅩEL C O N SID E RIN G M IX E u
A s e ctio n A - A o nthepa rt of the study
site(Plate5- 8)is cho s en in o rde rto e x amin e
the n o nlin e arinperfe ct v egetation andpe rfe ct
n o n- v egetatio n o rtheir vicinity. N V Ia nd
trainingdata ar ediscu ss edo nthe vie wpointc-f
lo c ation･ N V Io nthe c e nter ofv egetatio nis
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Fig.4 Co effic e nts of Ac c um ulated Beta
Distri butionin sim ulated Im age
graterthan N VIo nthe side of it. Boundary
pl X els wbic血islocatedin theinte r v al of
vegetation andn o n- vegetatio nhav ein-betw e e n
v alue of N V I in vegetatio n and in n on -
vegetation ･ Itis show ed mitbo u ndarypl X els
sho uld be mix els.
The n or m alized histogr a m of the
bou ndarypl X els are sho w nin Fig･6･ Itsho w s
thatNo nl, Non2, Vegland Veg2 have veryhigh
possibilityof be c om lng Tnixel. ButNon3 and
Veg3are alm ostSam edistributio n ofeithe r of
v egetatio nor D o n- vegetatio n. Itis as su m edthat
the v egetation cover ratioin aplX elislin e arly
pr oportio nalto N VI fro mdis c u ssion of Fig.4.
T he vegetation cover ratioin apix elof mix el
o nthetrai mingdata c an als obe as s u m ed lin e ar
a s sho w nin Fig17･ Usingthe a s s u mptidn of
Fig17, the relatio nshipbetw e en the vegetatio n
c over ratioin a pl Xel and its m e aIIN V I in
sim ulated dataisrec o nstru ctedc onsideringthe
follo wing3c as e s(Fig.8).
(1)Co n siderin side a ndoutsidepix els a s mix els
(2)Co nsider onlyoutsidepix els as miⅩels
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Fig･6Histogr am ofBounda ryPix elsinT min lng
Data
T hisis n o r7n alized by m a xim um freque ncy. No b:No n-
v egeta(io n, Nonl:lstPixelsin non-v egetationfr o mbou ndary, No n2:2nd Pixels D o n- v egetatio nfro mbo u ndary, No n3:
3rd Pixelsin n o皿- V egetationfro mbo u ndary, Veg:Vegetation, Vegl:1stPixelsin vegetatio nfro mbo undary, Veg2:2nd
Pixelsin v egetatio nfr o mbotlndary' Veg3:3rd Pix elsin vegetatio n加 m bo u ndary
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(3)Co n sider onlyinsidepix els a s mix els
(outside : side of v egetatio nfro m bou nda ry,
inside･: side ofnon - v egetatio nfro m bo undary,
bou ndary :boundary ofv egetatio ll a nd n o n
-
vegetation)
Inthe c a se(I), the r eh tion betw e e nthe
vegetation c over ratioin apixela nd m e an N Vl
is alm o stlin e arin spite of dife rentres olution ･
Inthe c as e(2),the relatio n of thos eis n onl in e ar
in the vicinity oflOO %. In the c ase(3), the
rehtio noftho seis no nlin e a rin the vicinityof
O%.
T his sho w edthatthe v egetatio n c over
r atioin apl Xel islin e a rly propo rtion alto 血e
m e a nN V I, a nd the c a u s e ofn o nlin e ar ofthe
vicinity ofO %is outside miⅩels and also the
c aus e ofn onl in ear of the vicinity of lOO%is
inside mix els. T he c as e(1), ho w e v er, is n ot
perfe ct一ylin ea r. T he c atIS e SOf noIl in e a riJI
c a s e(1)ar ediscu sseda sfollo w.
Caus e ofn o nl血e arinthe vicimityofO %
Sorne of mix els existin thebou nda ry of
+0 0
邑
‾
石
×
己 8 0
付
⊂:
暑6 0
(q
8:
害4 0
()
⊂:
○
葛 2 0
q)
也
4)
>
0
Sm ulated 1 Am
100 1 2 0 140 1 6 0 1 80
Me a nNVl
10 0
亘
･
5S8 0
.25
a_
a
.⊆ 6 0
.⊆
く廿
亡⊂
540
>
く)
O
⊂
･B20
a
¢
野
>
o
Vog
Vegl
Veg2
No nl
No n2
No n
100 1 20 1 40 16 0 1 80
Me a nN VI
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v egetation and non -v eg?tatio n a nd others exist
in independentpla c e a sthe very slⅥalls c ale,
which c anrtbe c aughta sthepu repi xel bythe
re m ote s e n singdata. T ho s e are als o mix els. In
abo v edis cu ssio n
,
tho s e mix elsdidn otc o nsider
inthetrainingdata. So the c a u s e ofn onl ine arin
the vicinity ofO % is mix els which is n ot
co n sidered
,
and isindepende ntlylo c ated.
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Ca u se ofn onlin e arinthe vicinityof100%
In orderto v erifythe c au sein thevichity
of lOO %,first,locatio ntype ofthe vicinityof
lOO %pixelsisdis c u s s ed as show nin Fig.9･
100%pixelsislo c ated inthe middle oflarge
s cale vegetatio n･ 95
- 99 %pixelsislo c ated in
theboLlndaryoflargescale v egetation, but95 %
orles sindepende ntlyislo cated asthe s mall
sc ale. Se c o ndly,the r elatio nbetw e e n a n ar e a of
agroupofv egetation and its m ean N Vlis show n
inFig.10. Itc anbe s e e nthatthedistributio n of
s m allar e ais s c attered. T his obs e r v atio nsho w s
thatthe a re aofvegetatio nisinfluerlC ed irkN V I.
So,dieC a u s e Ofn o nlinearatthe vicinityof 1(泊%
ca nbethe N V Iv a riation on the v egetatio n
q血1ity.
Cons eque-1tly, 血e r elation shipbe tw e en
Vegetatio n c over ratioil一aplXela nd m e a nN Ⅵ
islin e ar. T hislin eislo c atedto loo鞄
,
0 %a nd
conTleCtio n oftho s e･ Usingdlis r elatio n ship, the
vegetatio n c over rAtio inaplX elc a nbe a s su med
byNV Iofr e m ote s e n singdata. Andthe s m all
s c ale v egetation c a nbe expre s s ed by the
V egetation c over r atioin apl Xel.
5. C O N C L U SIO N
T he v egetatio n c o v e r ratioin api x el is
used in o rderto e xpre ssthe s mallv egetationin
u rb an are a which is n otc a ughta sthepur epIX el
in re m ote sen singdata. The nthe e xtr a ctio n of
relatio nshipbetwe en the vegetation cov erratio
in apixela nd m e a nN V Iw a spr opo sed a nd
discu s s ed. M ain re s ults obtain edare a sfollo w s.
(1)W he n v egetatio n andno n-v egetatio nar e set
upa sthelandc o v er categories, m kels oftw o
c ategorie s existinbou nda ry oftw o.
(2)So m e ofpixels n otc a ughta spu repix elof
the v egetation inrem ote se nsingdata w a salso
mix el.
(3)The relatio n shipbetw e e nthe v egetatio n
c ov e r ratioin aplX ela nd m e a nN V Iislin e ar
ifmix els which isloc ated o nbo u nda ry w a s
c o nsidered.
(4)T he v egetatio n c o v e rratio c a nbe a ssu med
with NVIcalc tllated byr em ote se nsingdata.
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Plate 1 Fals e c ol rJm age of Airbo m eM S (Re s olutjo n :1.9m , ch13)
Plate 2 Training Dat? ofS･tudySite {No n- v egetatio n.書 Law n 周 Gra s s田 Tre e
～
p hte 4 Vegetatio nCo v e rRatioin aPix el ofSim ulated Data {■ 聯 紛 ,(Re s o山tio n :19m) o 1 0 0
Vegetatio nCov e rRatio in aPjxe[(%)
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T[aim ng Data
Plate 5 Fals eColo rlm age
(Re s olutio n:1.7
ofSe ctio nA- A
ch17)
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